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1976.-Transmural pressure and external diameter were continuously recorded from intact segments of canine iliac artery and used to determine wall responses to maximal smooth muscle (SM) activation by norepinephrine (NE). Three different approaches were used: a) step inflations from low pressure following NE, b) slow, continuous inflation from low pressure following NE, and c) direct isometric and isobaric responses to NE. Passive pressure-diameter data were determined. The results show that active wall stress and diameter responses to NE determined using direct isometric and isobaric responses and from slow inflation responses (< 1 mmHg/s) were not significantly different. Pressure-diameter and stress-strain curves determined using continuous (0.2 mmHg/s) and step pressure inflations after NE were not significantly different. Pressurediameter curves obtained at different inflation rates were not those expected from a simple viscoelastic material. The results suggest that slow inflation of iliac arteries with activated SM is a reasonable method for assessing contractile properties of SM. Furthermore, they also suggest that activation of iliac artery SM at high contractile element length (L > L,) does not produce attenuated constriction responses.
norepinephrine; muscle lengthening; force velocity; isometric responses; isobaric constriction; viscoelasticity; contractile elements CONFLICTING REPORTS EXIST in the literature regarding the effects of changes in muscle length following activation on the mechanics of vascular smooth muscle. Dobrin and Rovich (5) have suggested that stretching-activated carotid artery smooth muscle only measures its ability to resist deformation. They suggested that the properties of smooth muscle are best studied by activating the contractile elements at high values of pressure or contractile element length and then decreasing pressure in steps. However, several studies have suggested that activating vascular smooth muscle at contractile element lengths greater than L, produced attenuated contractile responses when the muscle shortened to smaller lengths (4, 11, 15).
Peterson and Paul (11) using portal vein segments in vitro determined active force-length curves using three methods: isometric, isotonic-quick release, and isotonicafterloaded contractions. They found that active forcelength curves for muscle lengths less than L, were independent of the method used. For contractile element length above L,, shortening or lengthening of the contractile elements produced an attenuation of the contractile response, i.e., a smaller active force than produced by an isometric response at the final length. They found that the decrement of the active response was cumulative with successive activations, and hence irreversible. Dobrin (4), on the other hand, observed different responses with segments of canine carotid artery smooth muscle in vitro. He found that the attenuated contractile responses which occurred with activation at lengths above L, were completely reversible following a period of recovery.
These findings and interpretations have a number of important implicit implications relative to vascular smooth muscle mechanics. Is the relation between forcelength or pressure-diameter curves for activated vascular smooth muscle unique, or is it a function of the method by which it is studied? If changes in contractile element length during a given activation affect active force development at some final length, is such an effect also manifest in an isometric contraction where contractile element length decreases due to lengthening of series-elastic elements? Are different vascular smooth muscles so totally different that no generalization can be made concerning the mechanics of vascular smooth muscle? Does the active force-length curve delineate the maximal capacity for smooth muscle force development and/or shortening for a given initial state, or is such a response dependent on the past history of the muscle, i.e., changes in muscle length and/or force? These are very practical questions relative to the determination of active smooth muscle force-length relations which represent one of the basic mechanical properties of muscle.
Isometric force-length relations of vascular smooth muscle are usually determined using multiple activations at various muscle lengths with suitable recovery periods interposed (1, 7, 14) . The use of multiple activations to determine smooth muscle force-length curves represents a significant limitation. They require a long time to be performed, recovery times are long, and maintenance of a constant level of contractility is dificult to evaluate objectively. In view of the results of studies cited above, there are questions whether a constant level of contractility is achieved or if in fact true isometric force development can ever be measured in vascular smooth muscle.
In order to obtain more information on the effects of length changes on contractile properties, the mechanics of iliac artery smooth muscle were studied using several different methods and compared. These methods include: a) inflation by constant pressure following activation, b) slow constant rate inflation following activation, and c) direct isometric and isobaric contractions.
METHODS

These experiments
were performed on iliac arteries from a total of 34 healthy, adult mongrel dogs. They were anesthetized with pentobarbital, and an iliac artery was rapidly dissected and removed from the animal. It was trimmed of loose connective tissue and placed in the experimental apparatus which has been previously described in detail (2). Briefly, the apparatus consists of a temperature-controlled tissue bath filled with a physiological salt solution (PSS), aerated with 5%~ CO,-95% 0, and maintained at 37 t 1°C using a heater-circulator unit (Tecam, Tempunit). The composition of the PSS in millimoles per liter was: 116.5 NaCl, 22.5 Na,HCO,,, 1.2 NaH,PO,, 2.4 Na,SO,, 4.5 KCl, 1.2 MgSO1, 2.5 CaCl,, and 5.6 dextrose. The segments were cannulated at both ends and mounted horizontally in the bath at in vivo length. One end was attached to a manifold on a movable slide assembly used for positioning the segment in the bath and for introducing the inflation pressure into the segment. Inflation pressure was measured through a side port in the manifold using a Statham P23Db transducer.
The external diameter of the segment was measured at its midpoint using a semiconductor cantilever transducer (10) pivoted above the segment.
The arteries were incubated for 1 h in PSS with internal pressure set to 150 mmHg. In preliminary studies, it was found that incubation in this manner shortened the duration of .time required for subsequent conditioning (6). Internal pressure and external artery diameter were continuously measured and recorded on an X-Y plotter (Hewlett-Packard C > o. and on magnetic tape (Sangamo model 3500). Following all experimental protocols, the segment was removed from the experimental apparatus, lightly blotted on filter paper, and weighed (Mettler ultrabalance). Values of tangential wall stress (Q) were determined using the following equation:
where Pi is the internal pressure and a and b are the internal and external radii, respectively. Values of external diameter and internal pressure were taken from the X-Y plotter records, while a was determined from the wall volume, the value of in vivo length, and the value of b at each value of internal pressure. Following incubation, slow continuous inflation-deflation cycles at 1 mmHg/s were performed between 0 and 250 mmHg in order to condition the segment. After a variable number of such cycles (ca. 3-7), reproducible pressure-diameter curves were obtained and recorded on magnetic tape. Preliminary experiments showed that pressure-diameter curves of unactivated iliac arteries conditioned in this manner were essentially independent of inflation rate in the range of 0.2-5 mmHg/s.
In addition, for arteries preconditioned in this manner, pressure-diameter curves were equivalent to those obtained following complete smooth muscle inhibition (2).
Variation of infZation rate. In 12 arteries, the effects of variation in the rate of inflation following norepinephrine (NE) activation were determined. Pressure was set at 25 mmHg and maintained by a constant-pressure regulator (Conoflow). NE (0.5 ml) was then added to the bath, producing a final concentration of 5 pg/ml. The artery was allowed to constrict for 2 min at 25 mmHg. Pressure was then lowered to about 2-4 mmHg and held constant until diameter stabilized (5-10 min). Inflation at constant rate was then performed up to 250 mmHg. The subsequent deflation response was not recorded. The bath was drained, rinsed with fresh PSS, and refilled. Following a l-h equilibration at 150 mmHg, the activation procedure was repeated. Following the constriction response to NE, inflation was again conducted at a different constant rate. Inflation rates of 0.2, 0.5, 1, 2, and 5 mmHg/s were applied in random order. In preliminary experiments, multiple activations (4-6) and inflations at the same rate (1 mmHg/s) were performed in order to test reproducibility of these responses. Active responses, quantitated as described below, were determined and expressed as mean t standard error. The standard error was then determined as a percentage of the mean response and used to represent the variability of these responses. For the maximum diameter response, the SE averaged 4.2,% of the mean. For the maximum stress response, the SE averaged 8.5% of the mean response. The reproducibility of these contractile responses was deemed satisfactory to conclude that a reproducible level of contractility existed for different activations.
Continuous versus steady inflation. Seven arteries were used to compare responses to continuous inflation following NE at a rate of 0.2 mmHg/s with responses to steady pressure inflation. Activations were performed as described above following conditioning and equilibration procedures. The two inflation modes were randomly imposed on the vessels. For the steady inflation responses after activation with norepinephrine, internal pressure was increased in steps of 25 mmHg and held constant, while diameter responses were continuously monitored. Each step was held until the change in diameter was less than 1 pm/min.
Continuous versus direct responses. In 15 arteries, direct isometric and/or isobaric responses (3) to NE were recorded and compared to continuous inflation responses at a rate of 0.2 mmHg/s. In six arteries, isobaric constriction responses at 25, 50, 75, and 100 mmHg were determined in random order. Following conditioning procedures, pressure was set at one of these levels and maintained constant using a regulator. The constriction response to NE was then determined and diameter was recorded until changes were less than 1 pmlmin. Such responses required 6-48 min to be complete, depending on initial pressure.
In nine of the iliac arteries, isometric contractions followed by isobaric constrictions were determined. These arteries were conditioned and control responses recorded as described above. Pressure was then set and held at one of the four initial levels. An isometric re-sponse to NE was then determined using the method described by Dobrin (3). For the latter, pressure was continuously elevated to maintain diameter at the (constant) initial level. Following the achievement of an equilibrium condition (5-8 min), pressure was quickly lowered to the initial level and an isobaric constriction response recorded. Following one of the isobaric responses, pressure was subsequently lowered to 2-4 mmHg and allowed to stabilize. The response to slow, continuous inflation at 0.2 mmHg/s was then performed. Following each response, the bath was drained, rinsed, and refilled with fresh PSS. An equilibration of 1 h was allowed between activations. Activations were randomly applied at the four pressure levels. Additional activations at 5 and 150 mmHg were performed on some of the vessels. In preliminary experiments, multiple responses (4-5) on the same artery were determined from an initial pressure of 75 mmHg. The standard error of the mean was expressed as a percentage of the mean response and averaged 1.4% (n = 8), again suggesting good reproducibility.
No significant differences were found in constriction responses in the arteries studied by isobaric or by isometric/isobaric protocols.
Data analysis. NE responses studied by slow inflation were quantitated in the manner shown diagrammatically in Fig. 1 . The upper panel shows pressure-diameter data obtained under control conditions (closed circles) and during slow inflation following NE activation (open circles). Superimposed isometric and isobaric responses are shown. Diameter responses were determined as changes in diameter at a given pressure level between the two curves. For normalization the diameter difference was divided by the initial passive value of the diameter. An example of normalized diameter responses as a function'of initial pressure level is shown in the middle panel of Fig. 1 . Wall stress responses were determined at a given value of external diameter using data from the two curves. The pressure difference between the control and NE curves at a given value of diameter was determined and expressed as wall stress usingequation 1. An example of wall stress responses as a function of external diameter is shown in the lower panel of Fig.  1 . The abscissa has been normalized by dividing by the value of external diameter at zero pressure.
Steady-state pressure-diameter responses to step inflation following NE were analyzed in a similar manner. Diameter responses were determined at various pressure levels as the difference in diameter for passive and active conditions divided by the passive value. From the pressure-diameter curves for passive and active conditions, stress-diameter curves were determined, as described above. Values of stress response at a given diameter were determined using these data and a three-point interpolation procedure by digital computer (IBM 370/178). For the direct isobaric response, the change in diameter following NE activation was determined and normalized by dividing by the initial passive value. For the direct isometric responses, values of wall stress response were determined from the pressure increment as given in equation 1. The isometric and isobaric responses from the various vessels were grouped according to the initial (control) pressure at which they were determined. Values of stress response, diameter response, and normalized diameter were then averaged from the various experiments at each initial pressure level for comparison to data obtained from the continuous inflation responses. Error analysis. A careful error analysis has been performed in order to evaluate the overall accuracy of the results presented herein. Errors can arise from: a) the preparation, b) the instrumentation, and c) the data processing. Instrumentation error arising from noise, nonlinearity, and intrinsic limitations has been mini- 
is *2 x lo--' cm (2). A s a result of its basic design, the original diameter transducer loaded the vessel resulting in a reduction in diameter of -1%/g load (10). The new version of the diameter transducer used herein produces one-eighth the loading of the original (2). As a result, nominal loads are of the order of 50 mg, with 150 mg being an upper maximum.
This would produce a nominal diameter decrease of about -0.05% with -0.15% as an upper limit; the latter corresponds to a diameter value of about 10 pm.
Diameter and pressure data points were taken from the X-Y plotter output which had scaled divisions of 250 x 360 mm. The resolution of these data points was limited primarily by the size of the trace line which was 0.3 mm wide. This corresponds to a diameter of +2 x lop4 cm and to a pressure of 20.2 mmHg. These values are the same as the inherent resolution of the transducers. From this analysis it can be concluded that pressure-external diameter data can be determined with an accuracy of better than 1%.
Values of tangential wall stress require the determination of radius-wall thickness ratio. This in turn must be determined from values of segment cross-sectional area. The latter is obtained from the segment length and weight, the latter determined using a Mettler ultrabalance, which has a nominal resolution of 0.1 mg or about 0.1% of segment weight. The length is measured by a steel ruler graduated in 0.5 mm. Resolution is of the order of kO.25 mm or about 52% of segment length. Values of radius/wall thickness ratio and wall stress are accurate to within 5%. However, in the present comparison of the e'ffects of inflation mode, the same value of radius-wall thickness ratio is used at a particular value of external diameter. Therefore, by comparing data at equivalent values of external diameter, the relative relations between data obtained for various conditions do not change qualitatively.
It may be quantitatively in error by up to 5%) but the same error applies exactly to all data at a given diameter.
Errors arising from the experimental samples were minimized by using only long segments with large length/radius ratio (to minimize end effects), by selecting segments which were perceptually uniform in dimensions, and by measuring external diameter at the same point for all conditions.
RESULTS
Continuous
inflation. An example of on-line recordings from a single iliac artery in response to different inflation rates following NE activation is shown in Fig.  2 . The continuous, closed curve to the right indicates the initial control pressure-diameter response. Following activation, the inflation responses begin from essentially the same pressure-diameter point. The responses at different inflation rates between 0 and about 80 mmHg were found to be nearly independent of inflation rate. At high values of external diameter indicated by the upward pointing arrow in Fig. 2 , the pressure is highest for the highest inflation rates. On the other 465 hand, at the value of external diameter indicated by the downward pointing arrow, the pressure is lowest for the highest inflation rates. For a simple viscoelastic material, it would be anticipated that values of pressure would be highest at all diameters for the highest inflation rates.
Diameter data were taken at values of internal pressure from 0 to 250 mmHg in steps of 10 mmHg from both control curves and inflation responses following NE at the various inflation rates. These data, expressed in terms of pressure versus normalized diameter (diameter + passive diameter at zero pressure), were then averaged from the 12 experiments at each value of pressure for each inflation rate. These data are summarized in Fig. 3 Fig. 4 represents data from the 12 experiments averaged at specific values of internal pressure. Values of wall stress at a given value of normalized external diameter are smallest for the slowest inflation rate, although values are not statistically different for the three lowest rates, i.e., 0.2,0.5, and 1 mmHg/s.
Each point in
Diameter and stress responses to continuous inflation after NE were quantitated as described in METHODS. The maximum diameter response for each vessel at each inflation rate was determined, and values were averaged from all vessels. These averaged data are summarized in Table 1 . The maximum diameter response occurred within the pressure range of 80-95 mmHg for the various inflation rates. There was no statistically significant difference in the maximum value of the normalized diameter response for the various inflation rates. This would be expected from the results shown in Fig. 3 .
Values of wall stress response were also determined as described in METHODS.
The maximum wall stress _ Ad I I 0 I%-- response and the value of normalized diameter at which the maximum occurred were determined at each inflation rate for all vessels. These data were averaged at specific inflation rates and are also shown in Table 1 and Fig. 5 . Values of maximum stress response decreased significantly with slower inflation rates. The value of normalized diameter where the maximum occurred also decreased with the slower inflation rates. The 6% difference between the 0.2-and LO-mmHg/s responses was statistically significant and well within the resolution capability of the methodology employed. However, only the values at 2 and 5 mmHg/s were significantly different from the value obtained at an inflation rate of 0.2 mmHg/s. Values of stress response at normalized diameters up to 1 .O are similar for all inflation rates as would be expected from the results presented in Fig. 3 . These results show that the maximum value of diameter response, which occurs at low values of internal pressure, is not strongly dependent on the rate of continuous inflation following smooth muscle activation by NE. However, wall stress response following activation is a strong function of inflation rate. Continuous versus steady inflation responses. Values of external diameter were averaged from the continuous (0.2 mmHg/s) and the step inflation responses following NE at specific values of internal pressure. These data are summarized in Fig. 6 and are expressed in terms of normalized external diameter. Also shown in Fig. 6 are the data obtained under passive conditions. No significant difference exists in pressure-normalized diameter curves between slow continuous and step inflation following NE activation.
Data at each value of internal pressure were also expressed as values of tangential stress versus normalized external diameter and were also averaged for the continuous and step inflations. They are summarized in Fig. 7 . Again no significant differences in stress-normalized diameter curves for the two inflation conditions were found. Diameter responses or stress responses determined as described in METHODS were not significantly different for these two inflation methods following NE. From the results presented thus far, it appears that no significant difference exists in wall responses following smooth muscle activation using either slow continuous or steady-step pressure inflations. These wall responses are affected, however, by the rate of inflation when higher values above 1 mmHg/s are used.
Continuous versus direct contraction. A composite example of isometric followed by isobaric responses to Fig. 8 . The isometric stress responses were averaged for data from the same initial passive pressure level. Wall stress responses to NE were also determined from these same experiments, using the slow continuous inflation method as described in METHODS, and averaged at different values of normalized diameter. A comparison of stress responses to NE determined using these two methods is shown in Fig. 9 . The open circles represent data obtained from slow continuous inflation responses.
The closed squares represent data obtained from isometric responses at initial pressures of 25, 50, 75, and 100 mmHg. As can be seen from the diagram, no significant difference exists in values of wall stress response determined using continuous inflation or direct isometric contractions. lower using the direct isometric method, the differences were not statistically significant. Values of diameter response obtained using the isobaric methodology were averaged at the same value of internal pressure for the different experiments. Values of diameter response to slow continuous inflation were also determined using the methods previously described. The responses from these two methods are compared in Fig. 9 . It is also apparent from this figure that no significant difference exists in diameter responses obtained using slow continuous inflation or from direct isobaric constriction responses.
DISCUSSION
In this study, arterial smooth muscle responses to NE were obtained using three different methods: a) step inflation from low pressure following NE activation, b) R. H. COX slow continuous inflation from low pressure following NE activation, and c) direct isometric and/or isobaric responses to NE activation. The principal results of this study demonstrate: a) wall stress responses to NE determined from direct isometric and slow continuous inflation (rates < 1 mmHg/s) data were not significantly different (Fig. 9) ; b) diameter responses to NE determined from direct isobaric and slow inflation data were not significantly different (Fig. 9) ; c) wall pressurediameter and stress-diameter curves determined by slow continuous (0.2 mmHg/s) and step inflation after NE were the same (Figs. 6 and 7) ; d) the maximum diameter response to NE was not significantly affected by inflation rate (Fig. 3 and Table 1 ); e) the pressurediameter responses to variation in inflation rate were not as would be expected from a simple, viscoelastic material (Fig. 2) .
In view of the results of this study, the original question as to whether active arterial smooth muscle responses can be obtained by inflation or stretching previously activated muscle can be readdressed. The results given in Figs. 8 and 9 suggest that such responses can in fact be obtained using inflation of previously contracted smooth muscle. Studies of Dobrin and Rovick (5) and Speden and Freckelton (15) showed significant differences in pressure-diameter curves of arteries with activated muscle determined using steady inflation versus deflation responses. At least three important factors could have contributed to such results. First, activation at high contractile element lengths could have produced attenuated responses during the deflation responses (4) which were reversed in subsequent inflation responses. Second, the rate development of contractile responses in smooth muscle when activated at high contractile element length is extremely slow due to the very slow velocity of shortening of smooth muscle and the large contractile element length (i.e. >L,S. Third, the rate of development of smooth muscle responses during inflation following activation is very slow, also because of the very low velocity of lengthening at small contractile element lengths. As a result, considerable care and patience must be exercised in determining that arterial smooth muscle responses following step inflation or deflation are complete at a given pressure level. Unfortunately, a completely objective criterion is not intuitively obvious for such a determination.
During slow inflation after full activation of the contractile system, the contractile elements in the smooth muscle are being forcibly lengthened. That is, the muscle is operating on the "negative side" of its force-velocity curve. The muscle's response under such conditions is determined by: a) its isometric force-length relation, b) its force-velocity relation, and c) the rate of lengthening. Because of the nonlinearity of the arterial wall's pressure-diameter curve, the rate of lengthening for a constant inflation rate is not constant. Relatively little is known in general about force-velocity relations of muscle for negative velocities of shortening (8, 9). Results from skeletal muscle show that force development at a given muscle length increases monotonically above the isometric value as the rate of lengthening increases (8).Asther t fl a e o engthening approaches zero, the force developed at a given muscle length approaches the isometric value. If similar properties exist in vascular smooth muscle, then in the low pressure range (O-80 mmHg in Fig. 2 ) values of developed wall stress would be closest to true isometric, because the slope of the pressure-diameter curve is very steep and the rate of lengthening very small. This steepness could also explain why the pressure-diameter curves were essentially independent of inflation rate in this pressure range. As inflation continued, the rate of lengthening increases with the decrease in slope of the pressurediameter curve, and wall stress will exceed the isometric value at a particular muscle length. At the slowest inflation rate, it appears that the contribution to wall stress from the (smaller) velocity of lengthening was small, so that wall stress was not significantly different from isometric values.
The possibility cannot be completely dismissed as yet that the close agreement between active responses obtained by slow, continuous inflation and by isometric/isobaric methods is not simply fortuitous. Slow continuous inflation following activation may add to the stress responses by virtue of the negative velocity of shortening associated with the response and also may decrease the stress response due to attenuation of the active state as a result of lengthening the contractile elements. It is conceivable that these two factors could offset one another and therefore produce reasonable agreement between the two methods. The fact that slow inflation and steady inflation responses following activation were the same, however, suggests that the agreement is real.
Another question posed in the introduction was: are attenuated responses produced when the contractile elements are activated at lengths greater than L,? For iliac artery smooth muscle, the maximum stress response occurred at a wall diameter corresponding to an initial (passive) pressure of 75 mmHg. Thus, the contractile element length corresponding to an initial passive pressure of 100 mmHg was larger than L,. As shown in Fig.  9 , isometric and isobaric responses from an initial pressure of 100 mmHg were not significantly different from responses determined from the slow, continuous (or steady) inflation responses, suggesting that an attenuation of shortening response at 100 mmHg did not occur. The isobaric responses at 100 mmHg, however, were very slow in developing.
For the 12 arteries studied, they required an average of 48 min to be completed (i.e., constriction rate < 1 pm/min). This is as one would expect if the force-velocity-length relation of arterial smooth muscle were similar to that of striated muscle (11, 12) .
One unexpected result observed in this study was the response to variations in inflation rate at small contractile element lengths (Fig. 2) . The response observed was not that expected from either a viscoelastic material or that predicted from the extrapolation of the force-velocity relation. In order to quantitate these results, values of wall stress were averaged at various inflation rates for two conditions. First, values of wall stress for each inflation rate were averaged at wall diameters corresponding to values 10% larger than the constricted diam- eter at zero pressure, i.e., corresponding to the downward arrow in Fig. 2 . Second, values of wall stress at diameters corresponding to pressures of 50 mmHg under passive conditions were a .veraged pointing arrow in Fig. 2. Values i.e., near the upward bf diameter were then normalized by dividing by the passive value at zero pressure. Values of total wall stress averaged at each inflation rate for the two conditions are summarized in Table 2 . The tangential stress at the high value of D/D, (1.459 t 0.024) varies directly with inflation rate. However, average values of wall stress at the low value of D/D, (0.811 t 0.017) first decreased, then increased with the inflation rate. Values of stress for a rate of 1.0 mmHg/s were significantly smaller than values at both 0.2 and 5 mmHg/s. These latter stress values differed from the value at 1.0 mmHg/s by 27 and l@%, respectively, both well within the resolution capabilities of the measurements. It is possible that as the inflation rate increases, the increase in the velocity of contractile element lengthening may produce an attenuated contractile response once significant lengthening begins. As the contractile elements move past each other with increasing velocity, the developmen .t of cross bridges may be inh .ibited, because the length of time that active sites on the contractile proteins are in close proximity decreases. Therefore, the fraction of formed cross bridges may be reduced under such conditions, leading to a smaller value of wall stress. The subsequent increase in wall stress at a specific contractile element length with further increases in rate of lengthening ma? be due to an increase in the contribution of wall viscoelasticity to the overall response. It is possible that viscous effects are small at the slower inflation rates, so that the effects of changes in lengthening rate on crossbridge formation are then manifest. This is supported by the observation that no significant difference exists in wall stress at the higher value of D/D, for the three slowest inflation rates. These speculations cannot be verified completely until more is known about the mechanics of smooth muscle, especially with respect to force-velocity-length relations for negative velocity of shortening, and the effects of forced lengthening on stress development.
